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Abstract
Background—Bile tolerant helicobacter
species such as H hepaticus and H bilis
have frequently been reported to cause
hepatitis in mice and other rodents.
Aims—To investigate the possible patho-
genic role of these and other helicobacter
species in chronic liver disease in humans.
Methods—Serum samples from 144 pa-
tients with various chronic liver diseases,
30 patients with primary sclerosing
cholangitis (PSC), and 48 healthy blood
donors were analysed for antibodies
against H hepaticus murine strain CCUG
33637 and H pylori strain CCUG 17874.
Cell surface proteins of H hepaticus were
extracted by acid glycine buVer and used
in an enzyme immunoassay (EIA) and
immunoblot (IB).
Results—56 of 144 (39%) patients with
chronic liver diseases and six of 30 (20%)
with PSC showed increased antibody con-
centrations in the H hepaticus EIA; in the
H pylori EIA the numbers were 58% and
13% respectively. Compared with the
healthy blood donors the antibody reactiv-
ity against the two helicobacter species
was not increased (46% and 48% respec-
tively). Patient serum samples retested by
the H hepaticus EIA after absorption with
sonicated H pylori cells remained positive
in 12 of 37 (33%) serum samples. Distinct
antibody reactivity to 55–65 kDa proteins
was observed by H hepaticus IB, after the
absorption step, and was considered spe-
cific for H hepaticus. These 12 serum
samples were from patients with chronic
alcoholic liver disease.
Conclusions—Antibodies to H hepaticus,
often cross reacting with H pylori, occur
frequently in patients with chronic liver
diseases, with no clear cut relation to spe-
cific diagnostic groups. The pathogenic
significance of these findings is not known.
(Gut 2000;46:410–414)
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Helicobacter hepaticus was discovered in 1992 at
the National Cancer Institute-Fredrick Cancer
Research and Development Centre (NCI-
FCRDC) and first isolated from a colony of
A/JCr mice, a low liver tumour incidence
mouse strain with a high incidence of severe
hepatocellular tumours in aged animals.1 2

Neither chemicals nor virus induced the
tumours but H hepaticus was isolated and
cultured from liver suspensions. Healthy mice
were injected intraperitonally with H hepaticus
and the organisms were recovered from the
extracellular space of hepatic bile canaliculi.
The intrahepatic biliary system was also
infected with H hepaticus, thus likely to be the
aetiological agent of chronic hepatitis and
associated with hepatocellular tumours in this
colony of aged mice.

Adenocarcionoma of the stomach is the sec-
ond most prevalent of all human malignancies
worldwide and associated with infection, at an
early age, with H pylori3; chronic atrophic
gastritis is known to be a precursor of gastric
cancer.4 Little is known about the possible role
of helicobacter species in human liver disease
but H pylori DNA has been detected in bile
samples by polymerase chain reaction.5 Fox
and colleagues6 recently published a study on
the possible role of H hepaticus, H bilis, and
other bile tolerant helicobacters in chronic
cholecystitis and liver disease. Studies of the H
hepaticus syndrome of chronic hepatitis and
liver tumours in mice may give new insights
into the possible role of helicobacter species
other than H pylori in human stomach cancer,
gastric lymphoma, and chronic liver diseases.7

The aims of the present study were to
analyse the antibody response against cell sur-
face proteins of H hepaticus (murine strain
CCUG 33637) in two diVerent patient groups:
chronic liver diseases of various aetiologies;
and primary sclerosing cholangitis, a chronic
inflammatory liver disorder primarily aVecting
the bile ducts. H hepaticus antibody prevalence
was compared with the prevalence of H pylori
antibodies in the same patient groups and in
healthy blood donors. In addition, cross
reactivity between antigens of the two helico-
bacter species was analysed.

Materials and methods
PATIENT SAMPLES

Serum samples from patients with various
chronic liver diseases (n=144, age 31–88 years)
were analysed. They represented a two year
prospective series of patients investigated at the
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(CLD) owing to increased concentrations of
liver enzymes and/or clinical symptoms of
more than six months duration.8 Thirty
patients with primary sclerosing cholangitis
(PSC)9 were also included. The diagnosis was
verified in all cases by endoscopic retrograde
cholecystography (ERC). Thirty per cent of
the patients had alcoholic liver disease, 20%
autoimmune liver disease (primary biliary
cirrhosis, autoimmune hepatitis, and primary
sclerosing cholangitis) and 10% cryptogenic
liver disease. Other diagnostic groups were
chronic viral hepatitis, metabolic liver disease,
systemic disease, drug reactions, malignant
disease, and heart failure.

Blood donor serum samples (n=48) ran-
domly collected at the Blood Transfusion Unit
at the University Hospital of Malmö, served as
controls. All serum samples were kept frozen at
−20°C until analysed.

BACTERIAL STRAINS AND CULTURE CONDITIONS

H hepaticus, a murine liver isolate (strain
CCUG 33637) was cultured on Fastidious
agar (Amersham Pharmacia Biotech, Rain-
ham, UK), and grown for 7–10 days in a
microaerophilic atmosphere (3% H2, 10%
CO2, 5% O2, 82% N2) at 37°C. Agar plates
were examined for colonies with a green metal-
lic transparent surface, and tested positive for
urease, catalase, and oxidase enzyme activities.

PREPARATION OF CELL SURFACE ANTIGENS FOR

ENZYME IMMUNOASSAY AND IMMUNOBLOT

Ten agar plates (Ö5 cm) with confluent bacte-
rial growth were harvested and washed once in
10 mM phosphate buVered saline (PBS) pH
7.2, with a total cell yield of 0.6 g wet weight.
Cell surface antigens were extracted using a
standard method with 0.2 M acid glycine
buVer pH 2.2 as described previously.10 The
protein concentration was 290 µg per ml as
determined by the BioRad protein assay
(BioRad, Richmond, UK). The protein profile
of H hepaticus was compared with acid glycine
extracted cell surface proteins of H pylori
(CCUG 17874) by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-
PAGE)11 followed by silver staining.

H HEPATICUS ENZYME IMMUNOASSAY (IgG-EIA)
The H hepaticus enzyme immunoassay (EIA)
was performed as described for H pylori
EIA.10 12 In brief, Maxisorp immunoplates
(NUNC, Roskilde, Denmark) were coated
with 100 µl per well with a protein concentra-
tion of 5 µg per ml; serum diluted 1/800 was
added and the plates were incubated for 90
minutes at 37°C. An alkaline phosphatase goat
antihuman antibody (Sigma, St Louis, Mis-
souri, USA) was used as the second antibody.
After repeated washings, 100 µl per well of a
substrate solution containing p-nitrophenyl
phosphate (Sigma), diethanolamine, and MgCl
was added. The EIA test results are expressed
as corrected mean absorbance values (A 405
nm) in per cent of a reference standard (human
gammaglobulin, Pharmacia & Upjohn, Stock-
holm, Sweden). A relative antibody activity
(RAA value) greater than 35 and less than 25

units was defined as positive and negative,
respectively; values in between were regarded
as low positive values (borderlines). The cut oV
values are based on EIA and immunoblot
analyses of serum samples from patients with
positive and negative gastric culture for H
pylori, healthy blood donors, and children.10 12

Similar IgG EIA analyses were performed with
acid glycine extracted cell surface proteins of H
pylori.

IMMUNOBLOT (IgG)
In the immunoblot assay, acid glycine extracted
cell surface proteins of H hepaticus were
separated by SDS-PAGE with an 8–18%
gradient (ExelGel, Pharmacia Biotech AB,
Uppsala, Sweden) according to the Pharmacia
manual. Proteins were electroblotted onto a
PVDF membrane (Millipore, Intertech, Bed-
ford, Massachusetts, USA), and subsequent
blocking and probing with patient and control
serum samples were performed as described
previously.13 Similar immunoblot analyses were
performed with acid glycine extracted cell sur-
face proteins of H pylori.

IgA IMMUNOBLOT

As control for non-specific bacterial binding
between proteins of H hepaticus/H pylori and
IgA, an immunoblot was performed. Strips,
containing separated cell surface proteins of
the two helicobacter species were overlaid with
human IgA antibodies (myeloma produced)
and then incubated with an enzyme conjugated
anti-IgA antibody followed by substrate stain-
ing. Another two strips were probed with
serum samples from H hepaticus/H pylori EIA
positive patients. Enzyme conjugated antihu-
man IgA antibodies (P216, Dako A/S, Glos-
trup, Denmark) were added and after incuba-
tion the strips were developed.13

IMMUNOSTAINING OF HEAT SHOCK PROTEINS

(Hsp60)
Immunoblot strips containing separated H
hepaticus and H pylori cell surface proteins
respectively were probed with a polyclonal
antiserum to the H pylori Hsp60 protein. The
Hsp60 protein was purified from H pylori strain
CCUG 17874 by gel filtration (Superose 12,
Pharmacia Biotech, Uppsala, Sweden) and ion
exchange chromatography (MonoQ, Pharma-
cia Biotech), and then used for immunisation.14

Corresponding strips were incubated with an
antihuman Hsp60 serum (Santa Cruz, Bio-
technology Inc., USA). Immunoblot analyses
were performed as described above.

ABSORPTION EXPERIMENTS

For absorption of potential cross reacting anti-
bodies, sonicated whole cells of H pylori
(CCUG 17874) were used. To 1 ml of
sonicated cells (A 540 of OD 1.0) 10 µl serum
was added and incubated for one hour at 22°C
and for 16 hours at 6°C during constant shak-
ing. Cells were removed by centrifugation and
supernatants collected for Helicobacter serol-
ogy.
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Results
Protein profiles of acid glycine extracted cell
surface proteins from H hepaticus were com-
pared with a corresponding antigen prepara-
tion of H pylori after silver staining of the SDS-
PAGE gel. DiVerences of the band pattern
were observed with proteins migrating in the
region of 43–94 kDa in molecular mass (Mr),
whereas proteins with lower Mr showed a simi-
lar pattern (fig 1).

IgG-EIA

Antibody reactivity to extracted H hepaticus cell
surface proteins in serum samples from pa-
tients with chronic liver disease was initially
analysed by EIA. Of 144 serum samples, 37
(26%) showed increased antibody concentra-
tions (RAA greater than 35 units), 19 (13%)
showed moderate values (RAA 25–35 units),
and 88 (61%) were negative (table 1). The dis-
tribution of antibody reactivity in the diagnos-
tic subgroups among H hepaticus EIA positive
patients, including primary biliary cirrhosis
and other autoimmune liver diseases and cryp-
togenic liver disease, did not diVer from the
whole patient population. In the H pylori EIA,
64 of 144 (44%) serum samples were positive
and 15 serum samples gave borderline values
(table 1). Of the 30 serum samples from PSC
patients, six (20%) showed increased antibody
concentrations, and 24 (77%) were negative in
the H hepaticus EIA. In the H pylori EIA four
serum samples were positive (table 1).

Serum samples from 48 healthy blood
donors were assayed in the two EIAs and the

seroprevalence was found to be 46% for H
hepaticus and 48% for H pylori (table 1).

ABSORPTION EXPERIMENTS

Cross reactivity between cell surface proteins
of the two helicobacter species was analysed
with 37 serum samples from patients with
chronic liver diseases showing high antibody
concentrations in the H hepaticus EIA (14 of
these were H pylori EIA negative) and with 24
blood donor serum samples found positive by
H hepaticus EIA (three of these were H pylori
EIA negative). In 25 patients the H hepaticus
EIA became negative but 12 serum samples
remained positive. These serum samples were
from patients who suVered from alcoholic
related liver disease. All blood donor serum
samples became negative after the absorption
step except three that showed low values close
to the lower cut oV level (table 2).

IMMUNOBLOT (IgG)
Patient serum samples absorbed with H pylori
whole cells and with a remaining positive value
in the H hepaticus EIA were further analysed by
immunoblot, and the antibody reactivity was
compared with results with the same serum
samples that were not absorbed. In the H
hepaticus immunoblot the unabsorbed serum
samples intensively stained proteins of 55–65
kDa in Mr (fig 2A). This was not observed in
the immunoblot based on H pylori antigens (fig
2B). When these serum samples, absorbed with
sonicated H pylori cells, were analysed in the H
hepaticus immunoblot, reactivity to the 55–65
kDa proteins remained (fig 2C). However,
when the serum samples were probed on strips
containing separated H pylori proteins no reac-
tivity was observed (figure 2D).

IMMUNOBLOT (IgA)
Patients with chronic alcoholic liver disease
often show high serum IgA levels compared
with healthy individuals.15 The immunoblots
performed for control of a non-specific binding
of bacterial cell material from H hepaticus and
H pylori showed no visible IgA reactivity (data
not shown).

IMMUNOSTAINING OF Hsp60
By immunoblot the polyclonal anti-H pylori
Hsp60 serum stained two major bands with an
approximate Mr of 62–65 kDa with the two
helicobacter species. The antihuman Hsp60
serum weakly stained a 65 kDa protein of H
pylori, and with H hepaticus no bands were
observed (data not shown).

Figure 1 Protein profiles of the acid glycine extracted cell
surface proteins of Helicobacter pylori (lanes 1 and 2) and
Helicobacter hepaticus (lanes 3 and 4) separated by
SDS-PAGE (8–18%) and stained with silver.
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Table 1 Outcome of the H hepaticus EIA and H pylori
EIA in serum samples from patients with chronic liver
disease (CLD) and primary sclerosing cholangitis (PSC)

H hepaticus EIA
positive* (%)

H pylori EIA
positive* (%)

CLD (n=144) 56 (39) 79 (55)
PSC (n=30) 6 (20) 4 (13)
Controls† (n=48) 22 (46) 24 (48)

*Borderline values are included.
†Healthy blood donors.
n, number of serum samples.

Table 2 Cross reactivity to cell surface antigens between
the two helicobacter species

Positive in H
hepaticus EIA
before absorption

Positive in H
hepaticus EIA after
absorption

Patients 37 12
Controls* 24 0 (3†)

Cross reactivity to cell surface antigens between the two helico-
bacter species was analysed in 37 serum samples from the
patients with chronic liver disease and in 24 from the controls.
The serum was absorbed with sonicated whole cell material
from H pylori and then retested.
*Healthy blood donors.
†Values just above the lower cut oV.
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Discussion
Antibodies against H hepaticus and H pylori
were detected in serum samples from patients
with various liver diseases. The frequency of
antibody reactivity was, however, not increased
in any specific diagnostic groups and serum
positivity was not increased in patients with
chronic liver diseases compared with the
healthy individuals. Some of these antibodies
may represent cross reactivity between the two
species, while a specific antibody response to
cell surface proteins of H hepaticus was
detected in serum samples from patients with
alcoholic related liver disease.

Several new species of the genus helicobacter
have recently been identified in various mam-
mals, with some species inducing gastro-
intestinal infection while others seem to
colonise the gastrointestinal tract without
causing infection and tissue inflammation.16–18

Recent reports on multifocal hepatitis in dogs19

induced by bile tolerant helicobacter, sug-
gested that helicobacter organisms with liver
tropism may also cause hepatitis in humans
and other primates. However, up to now no
human liver bile duct isolates of helicobacter
have been reported although bile samples were
shown to contain H pylori DNA.5 In susceptible
strains of mice, H hepaticus causes an acute
focal hepatitis, which progresses to chronic
hepatitis with the presence of relatively few
infectious organisms.20 Franklin and
colleagues21 reported on a novel helicobacter

species, H cholecystus, isolated from the bile
tract of Syrian hamsters with chronic gall blad-
der inflammation and pancreatitis. Interest-
ingly, Siringo and colleagues22 reported a high
prevalence of H pylori infection in cirrhotic
patients, which was not confirmed by Tsai.23

Thus, it is possible that not yet isolated urease
positive as well as urease negative helicobacter
species may be able to colonise the human
intestinal tract, as recently described in dogs
and cats.24 Fox and colleagues6 concluded that
helicobacter might induce a chronic gall
bladder inflammation in humans with late
sequelae such as bile tract and gall bladder
malignancies, and a potential role of H hepati-
cus, H bilis, and other bile tolerant helicobacter
species in chronic cholecystitis and liver
disease. The importance of further studies on
the possible role of these new helicobacter spe-
cies in human liver disease was emphasised as
was the need to develop non-invasive serologi-
cal assays to determine the seroprevalence of
hepatic helicobacter infections.

It is assumed that bile tolerant helicobacter
species are antigenically and genetically simi-
lar. Our findings in this study, showing 12
patient serum samples with high antibody
reactivity to cell surface proteins of H hepaticus
even after absorption with H pylori, indicate
that some helicobacter-like organism may be
involved in human liver diseases. By immuno-
blotting, antibodies mainly reacted to the
55–65 kDa proteins and at least two of these

Figure 2 Antibody response to cell surface proteins of Helicobacter hepaticus (A and C) and Helicobacter pylori (B and
D) was analysed by immunoblotting with serum samples from patients with chronic liver disease (lanes 1 to 11). Lane 12
represents the reference standard. In (C) and (D) serum samples were absorbed with sonicated helicobacter cells.
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proteins were recognised by an anti-H pylori
Hsp60 antibody, suggesting that patient serum
samples intensively staining the 60–65 kDa
proteins of H hepaticus contained increased
concentrations of antibodies to helicobacter
Hsp60 proteins (fig 2A). Hsps are highly
conserved, immunogenic molecules induced
by heat, inflammatory mediators, and other
forms of physiological stress25; ethanol might
be such a factor. The pathogenic mechanism of
this finding is unknown, but it is a fact that
ethanol abuse induces a local immune defect
and activation of a latent helicobacter infec-
tion. Ward and colleagues26 found that antibod-
ies to helicobacter (Hsp70) immunoreacted
with hepatocytes from infected mice livers and
thus could be responsible for autoimmune
mediated hepatic lesions of bile duct epithe-
lium infected with H hepaticus.

In conclusion, antibodies to H hepaticus,
often cross reacting with H pylori, were
detected in serum samples from patients with
alcoholic related liver disease. The antibody
response to H hepaticus proteins with Mr of
60–65 kDa remained even after absorption
experiments. Attempts to culture strains from
human liver biopsy specimens and bile samples
will be an attractive approach, together with
improved serological assays, to explore further
the possible role of bile tolerant helicobacters
in various biliary tract and liver diseases.
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